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It has been shown theoretically [2, 71 and experimentally [5, 81 that harmonic injection can be used to control levels of intermodulation distortion in a traveling wave tube (TWT). Furthermore, it has been shown theoretically [7] and experimentally [9] that direct injection of the intermodulation frequency may also be used to control the intermodulation spectrum in a TWT. In [7] an analytic model is used to show that the suppression of the intermodulation products at the TWT output is the result of destructive cancellation of a circuit voltage mode due to the injected signal, and a circuit voltage mode due to the nonlinearities in the electron beam. The existence of these modes in a TWT has also been shown experimentally in the case of harmonic injection to control the harmonic output [ 
101.
In a klystron the bandwidth of the input cavity prohibits using harmonic injection, but it has been shown that intermodulation injection can be used to control the output intermodulation content [6] . Furthermore, [6] successfully compares experimental results to the theory of [ 111. While excellent quantitative agreement between theory and experiment is obtained in [6] , a physical picture of destructive cancellation of driven and nonlinear modes, as in [7] for a TWT, is not given.
Since the TWT and klystron are both linear beam devices, they share the same nonlinear electron beam description, and hence the methodology developed in [7] may be applied to describe the beam modes in a klystron. In particular, the nonlinear electron beam equations at frequency few0 are where E t , ije, be are the Fourier coefficients of the space charge field, beam velocity, and beam density, respectively. In (1)-(3) z is the length along the electron beam, R e is the frequency dependent space charge reduction factor, and the sums are over frequency pairs f m , f n such that f m + fn = f e . This model is approximate and will not give quantitatively accurate harmonic and intermodulation beam modulations. Furthermore, in its present Eulerian form it is not valid for large drive powers when electron overtaking occurs. However, as in [7] , we claim that the qualitative features predicted by (1)-(3), such as mode mixing and mode cancellation, will also be found in more complete models.
The approximate analytic solution of (1)-(3) for a state variable is a sum of complex exponential modes, e.g., where uo is the dc electron beam velocity, the subscript 'dr' refers to driven modes, and the 'nl' subscript refers to modes arising from nonlinear interactions. For example, the driven modes are the slow and fast space charge waves of conventional klystron theory.
There are important distinctions between TWTs and klystrons when considering intermodulation injection to cancel intermodulation frequencies. First, the modes of interest in a TWT are most often exponentially growing modes, and hence only the dominant modes are required to describe the cancellation. In a klystron there is no exponential growth, and a solution is typically represented by several complex exponentials. Secondly, in the TWT if the circuit voltage modes are such that they cancel, this does not necessarily imply that the corresponding beam current modes will also cancel [7] . In the case of the klystron however, for cancellation of the cavity voltage, the beam current must cancel.
As an elementary example we consider a velocity modulated electron beam as would be found in a two cavity klystron, and ignore for now coupling to cavities. If the current modulation at the intermodulation frequency is canceled, then there would be no cavity voltage at this frequency. We consider two closely spaced input frequencies ( f 1 , 2 = 995,1005MHz), one of the third order intermodulation (3IM) products ( 2 f 2 -f1 = 985MHz), and cancellation of the 31M with an injected modulation at the intermodulation frequency. The representative klystron parameters are VO = 8.5kV, IO = 0.25A, and L = X,/4 = 13.6 cm.
In Fig. 1 we show the fundamental components of the beam density p t , and the second harmonic ( 2 f 2 ) involved in formation of the intermodulation frequency ( 2 f 2 -f1) for twice the length of the device. In Fig. 2 we show the 31M beam density perturbations. The nonlinearly generated 31M perturbation, and a driven density perturbation (sum of slow and fast space charge waves) adjusted such that the total charge density perturbation at 2 f 2 -fl is zero at z = L. Normalized length
Figure 1: Beam charge density perturbations at f l = 995MHz, f 2 = 1005MHz, and at the second harmonic 2 f 2 that is involved in the formation of 2 f 2 -f l . Length z is normalized to X,/4, so z = 1 corresponds to the klystron output.
The harmonic and 31M charge density perturbations are composed of several complex exponential modes. In constructing the solutions, we have ignored small contributions from secular modes [7] , and modes at the 31M that result from the 31M being included as a drive frequency.
